quantum must be closer to the kinetic energy of the electron at the time of impact than to Ve. In other words, in a large number of impacts, at least, the electron transfers almost if not all of its kinetic energy to the quantum of radiation when it produces that quantum, and the radiation thus produced is nearly if not exactly monochromatic. Although the atmospheric oxygen bands have been the subject of many investigations, the details of their structure have remained only partially explained. The earlier investigators2 did not have any theory to guide them and it can readily be understood that they often came to contradictory results. In the present paper we have tried to account for the structure of the bands as completely as possible. Our progress has been based on new wave-length measurements which we believe to be more accurate than the previous ones.
Although the atmospheric oxygen bands have been the subject of many investigations, the details of their structure have remained only partially explained. The earlier investigators2 did not have any theory to guide them and it can readily be understood that they often came to contradictory results. In the present paper we have tried to account for the structure of the bands as completely as possible. Our progress has been based on new wave-length measurements which we believe to be more accurate than the previous ones.
1. A recent paper by one of US,3 gives details of the derivation with the interferometer of the wave-lengths of the lines in the a, B and A bands best suited to that method. With these lines as standards, the other lines in these bands have been measured on spectrograms obtained with a large Michelson plane grating used in the third and fourth orders at 30-feet focus. Such photographs were made at both high and low altitudes of the sun, since the faintest atmospheric lines are best observed with maximum air-path and the strongest ones with minimum air-path. At best the measurement of the widest lines is difficult and of relatively low accuracy. For example, some lines in the A band have a total width of about 1A, even when observed on Mount Wilson with solar altitude exceeding 45°. The finer lines, on the other hand, can be seen only with high resolving power, and even with the sun close to the horizon they are faint and hard to measure. For the widest lines in the A band the usual micrometer measurements were supplemented by the use of a registering, thermoelectric microphotometer, giving a definite increase of accuracy. Some of these lines give evidence that under more favorable conditions of observation they might be resolved into close pairs.
For the a' band, X 5788 -X 5834, we have made no measurements, but have derived the wave-lengths on the International system by subtracting 0.216A from the values given in Rowland's Table of Solar  Wave-Lengths. The main part of this correction was obtained from  the revision of the Rowland Table now in progress, with a slight alteration to allow for the difference between the standards of iron and those of neon. Throughout this paper all wave-lengths are expressed on the neon scale.
Some small differences between wave-lengths stated here. and those given in the work of Babcock to which reference has been made are accounted for by additional observations made specially for our purpose. The discordance between the values of Meggers4 and those given below is a natural result of the methods and approximations which he employed. The numerical data relating to the bands appear in table 1. The band designated A' is described later. The observed doublet separation, which is the same for all bands, can be accounted for with the (C = B' -B").
These formula±'give all the properties of the observed doublet separation, although an exact quantitative test cannot be obtained, because the small differences B2 -B1, a' -a", etc., are not known with sufficient accuracy. The value for the doublet separation of the zero lines is found to be 1.93. The zero lines follow the formula VOl = 13122.965 + 1415.017n-11.911n2 -0.3525n3 (n = 0,1,2,3,..) in which the constants differ only slightly from those calculated by Kratzer5 from the old' data. It is also seen from table 3 that the constants B' have the linear dependence on the vibrational quantum number postulated by Kratzer's theory.
The A band includes a number of weak lines, and those in the tail are at once seen to form doublets of the same kind as the strong lines. In the head also doublets can be picked out, and then the constants can be calculated in the same way as for the strong branches. These are also given in table 3. The weak lines have been called A'. It appears that the weak branches have exactly the same structure as the strong ones. The only difference is the value for the constant B. The zero lines for the strong and weak branches are the same within the limits of experimental error. The weak branches are too faint to be observed in the other bands. There is still a small number of unclassified faint lines of atmos-pheric origin, but it is not certain whether they belong to these bands. They may be partly due to water vapor.
The significance of the empirical structure of the bands for the structure of the oxygen molecule is not yet satisfactorily cleared up in all points. Approximately we have B = h/8 r2cJ, and from this it follows that the moment of inertia J for the O2-molecule in its normal state is .19.27 10-40, and in the excited state, 19.93 10-40, which gives for the distance between the nuclei 1.205.10-8 and 1.225-10-8 cm., respectively.
3. Mulliken6 has developed a systematic analysis of band spectra to which Hund7 gave a theoretical background. According to this theory the type of an electronic molecular term is determined by quantum numbers which are analogous to those used for the classification of line spectra. The resultant spin of the electrons, s, determines the multiplicity of the terms.
The components of the electronic angular momentum are oak and s and the spin along the nuclear axis is ar = 0-k + o-. If ofk = 0, 1, 2,.. ., we have S, P, D,. . . terms. For all particulars it is necessary to consult the above-mentioned papers.
The fact that both initial and final state of the atmospheric absorption bands are not single for zero rotation shows that neither can be a singlet nor an S state. It seems very probable that we have here a 3D8P transition. For a 3P state s = 1, ork = 1, a = 0, 1, 2; for a 3D state s = 1, o-k = 2, of = 1, 2, 3. Hund derives a selection rule Ao = 0, if ak >O, which is fulfilled, e.g., in the second positive nitrogen group. On account of this rule, only the levels with a= 1 and 2 can combine with each other. The fact that alternate rotational levels are suppressed because we have a symmetrical molecule eliminates the Q branches. There are, however, some difficulties in accounting for the missing lines. We confine ourselves to these few remarks about the electronic structure, as this will be discussed more fully, together with the electronic structure of the Runge bands, in a subsequent paper.
We are indebted to Dr. St. John for unpublished data on the revision of Rowland's 
